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    1改善硅片表面光学性质，减少表面光反射率； 
2改善电池器件结构，降低光生载流子复合率； 
3增大电池有效受光面积，提高电池对入射光能的吸收； 



























    The solar cell is a kind of photovoltaic device which converts solar radiation into 
electrical energy directly. In photovoltaic industry, compared with other kinds of solar 
cells, the conventional crystalline silicon solar cell has above market lion's share due 
to its relatively high photoelectric conversion efficiency (PCE) and the reliable 
manufacturing technology. However, the silicon solar cells fabricated with 
conventional method still has the problems of unsatisfied PCE and high price. In 
recent years, improving PCE and reducing production cost are the two main research 
directions of the silicon solar cells. There are many factors affecting PCE of solar 
cells, among them the absorption ability of incident light on cells’ surfaces is an 
important one. In order to improve the performances of the solar cells, microstructures 
are often textured on the surfaces of the silicon wafers to increase light absorption rate, 
thereby improving the PCE of the cells. 
    Multicrystalline silicon (MCS) has high quantity and low price, hence, compared 
with single crystal silicon (SCS), it’s more suitable to be used as the material for 
fabricating solar cells. However, unlike SCS on which the surface texturing can be 
achieved through a simple anisotropic etching process, MCS has more complicated 
texturing process. So how to obtain efficient, uniform and stable surface light trapping 
structures on MCS surfaces has been a hot research focus. At present, reported 
techniques for fabricating anti-reflection textures on MCS surfaces are unsuitable for 
mass production on account of the problems of high cost, complex fabrication 
procedure, or low cost but accompanied by low efficiency and low stability. It highly 
demands a new method that can effectively reduce surface reflection of MCS solar 
cells as well as can achieve fast and large-area texture fabrication. 
    The goal of this PhD research is to develop an industrial applicable method for 
surface texturing on MCS solar cells to reduce surface reflectance. The proposed 
method in this thesis adopts holographic lithography plus wet etching to fabricate 















experimental results demonstrate that surface light reflection has been largely reduced 
and the PCE of the solar cells has been enhanced using the method. In this dissertation, 
theoretical analysis, experiments of texture fabrication and experimental results are 
presented. The main contents of the thesis are as follows. 
1. The physical mechanism of the Phc structure for enhancing the efficiency of light 
absorption and improving the surface optical properties of MCS is discussed. 
Corresponding to the characteristics of MCS and the structures of solar cells, based on 
optical diffraction theory, antireflection mechanism of Phc structure is analyzed 
theoretically. The simulation using computer software Gsolver provides the 
quantitative analysis and comparison of the parameters that benefit antireflection. 
2. A holographic optical element (HOE) is used to fabricate Phc structures. Based on 
holographic imaging theory, the relation between the distance of light source to HOE 
and the constants of obtained Phc lattices is analyzed and verified through 
experiments. The distortion of Phc lattices is also analyzed through computer 
simulation and demonstrated by experiment. 
3. Holographic lithography and wet etching techniques are combined to fabricate 2D 
Phc microstructures on the surfaces of MCS wafers. Mechanisms of acid etching and 
the transfer of the Phc microstructures in light sensitive material to the surfaces of 
MCS wafers through etching are studied. The best etching procedure and the 
technique for achieving uniform and controllable microstructures in the texturing 
process are provided. A simple method is proposed to measure the surface reflection 
of the MCS wafers after texturing. The tested results and the computer simulation are 
compared and analyzed. 
4. To confirm the feasibility of the method, MCS solar cells with and without 
texturing have been fabricated and their PCEs are compared. 
    The innovative points of this dissertation are as follows. 
    A novel method combining holographic lithography and wet etching to fabricate 
2D Phc structures on the surfaces of MCS wafers is proposed. The method has the 
advantages of low cost and high fabrication efficiency, thus enabling industrial mass 















simulated. The structure fabrication procedure and the treatment conditions for MCS 
solar cells’ texturing are studied. According to the experimental results and the 
theoretical analysis, the proposed method has the following merits that can improve 
the PCE of MCS solar cells. 
(1) Improving the optical properties of the silicon surface, thus reducing the surface 
light reflectance. 
(2) Improving inner structures of solar cells, thus reducing the recombination rate of 
photo-induced carriers. 
(3) Increasing effective light-receiving areas of the cells, thus improving the 
absorption of the incident light energy. 
(4) The proposed texturing method is very flexible and reliable, enabling to achieve a 
variety of uniform and stable periodic structures on MCS with different periods and 
etching depths. 
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